a) The penetration of coarse particles through a cyclone is much higher than expected. b) Contrary to the performance in the fine dust region, the larger the particles, the lower the performance of a cyclone.
c) Larger cyclone is more effective than smaller one to collect coarse particles.
d) The mechanism of the penetration of coarse particles through a cyclone is the back-mixing by irregular bouncing of particles on the wall surface.
e) The performance of cyclones as the coarse particle separators can be correlated with Eqs. (6c)~(9'c), which were derived from the similar equations correlating the collision of particles against the inner side-wall of curved ducts. = length of duct = penetration of particles through cyclone = radius of curvature of curved duct = dimensionless group denned by Eq.(8d) or Eq. (8c) = residence time of particles = velocity of air at the inlet of cyclone = velocity of air in duct = weight of fed particles = weight of particles penetrated through cyclone = weight of particles collided against the inner side-wall of curved duct
[m] coefficient (Table 3) modified penetration of particles through cyclone defined by Eq.(9'c) [-] [ In past investigations of filtration theory and its practice, the concept of Ruth's average resistance has been used almost exclusively. In Ruth's concept1'" it is assumed that the internal flow rates through a filter cake are constant.
Recently it has been shown theoretically that the flow rates of liquid and solids through a filter cake are not constant and that the new definition for the average filtration resistance is to be the product of Ruth's resistance o,r and the correction factor J-r7) which is a function of both pressure and slurry concentration.
* Received on July 3, 1967 Presented at TokuyamaMeeting of the Society of Chem.
Engrs., Japan (1965)
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Recent developments of theoretical studies in flow through porous media and filtration operation emphasize the urgent need for more accurate data for porosity and local specific filtration resistance.
In an actual filtration, both porosity and filtration resistance vary throughout the cake6). For purposes of numerical calculations, it is most important to obtain exactly correct values of local cake properties through compression-permeability data2'8'9'10'15' 
Obviously, with variable stress within the compressed cake, it is impossible to assume that the cake in the cell has a uniform porosity and resistance. Therefore all data conventionally obtained in permeability cells must be modified by using Eq. (6).
Side Wall Friction Tests and Results
Apparatus and experimental procedure :
The apparatus used in this work for studying the side wall friction is based upon modification of the compression cell commonly used. In making the experiments, the solid-liquid mixture is introduced into the cell and the transmitted pressure is measured at the equilibrium state of compression. In addition to the side wall friction tests, the normal compression permeability tests are also conducted.
Experimental results :
Results obtained with the setup shown in Fig. 2 are presented in Fig. 3 , where the ratio of transmitted pressure to applied pressure are plotted against final cake thickness compressed at eachconstant load. On the basis of Eq. (4) and data obtained in runs similar to the one illustrated in Fig.3 , the values of kof and C can be evaluated for a specified cylinder. Assuminga set of the arbitrary values of fof and C yields a value of (/>zOcaie calculated from Eq. (4) and, therefore, the root-meansquare deviation a of (pT)caic from its experimental values can be calculated by Eq. (7) where N denotes the number of experimental runs. cr-kof-C diagram thus obtained from experiments by a stainless steel cylinder is illustrated in Fig. 4 . In the diagram, the minimuma-value indicates the best set of 0.29 for fe/ and 150g-force/cm2 for C. Assuming the porosity or specific resistance determined under a given mechanical loading in a compression permeability cell is the. same as the porosity ex or resistance ax at a vertical distance x measured from the medium in a filter cake where the cake compressive pressure is the same as the solid pressure in the compression permeability cell, £x and ax data obtained from experiments by a gun metal cylinder are plotted against corrected cake Fig. 3 pr/p vs. Z e* = 0.769^r6-d5?B 1 ax = 1.92.x 1O10 + 2.32 x lO10/>.0'538) ; It has become apparent that conventional neglect of side wall friction will bring significant errors in results for porosity and resistance.
The approximate correction for the friction can be done by the method which is mentioned in Eq. (6).
Theory for Prediction of Constant Pressure and Constant Rate Filtration
In the past, it has been customary to assume that the rate of flow through a filter cake is constant at any instant. Such an assumption is valid only for filtration of dilute slurries.
The variations of internal flow rate of liquid qx and internal migration rate of solids rx throughout the cake and their relationships to the rate of porosity change over a differential section of the cake are written in the following forms :7'14) dqx _ dsx drx __ dsx dx~d6' dx~~W or qx + rx = qi (10) The fundamental differential equation relating the pressure gradient to flow rate can be written as7:> Recently based upon these equations under constant pressure condition, the equations for the flow variations, the hydraulic pressure distribution px/p, and the correction factor JR for the conventional Ruth's resistance aR have been derived as following :7) ( 14) where L is the total thickness of the cake, eaM the average value of ex between zero and x, and £av is the average porosity of the total cake. The ratio m of total mass of wet cake to total mass of dry cake is given by
Using numerical procedures based upon Eqs. (12), (13), (14) and (15) at the samepressure drop across the cake in both constant pressure and constant rate operation, the p vs. 0 relation at the constant rate filtration can be calculated from Eq.
(18).
Filtration Experiments and Discussions for Prediction
Experimental apparatus : For studying the filtration characteristics at constant pressure filtration, a bombfilter9) is used. The apparatus used in constant rate filtration is based upon modification of a bomb filter commonly used with several devices for VOL.1 NO.1 1968 filtration at exactly constant rate. Fig. 7 shows the schematic picture of the experimental apparatus.
It consists mainly of a bomb filter equipped with a stuffing box, a long piston, and a device for driving the piston at constant velocity. Filtration pressure is applied to the slurry in the bomb through the piston which is forced at a constant speed into the filter by the tool post of a machine lathe and the filtration is carried out exactly at a constant rate. The filtration pressure at any time d
can be measured by a force transducer, with accompanying strain gauges. Discussions for prediction :
Based upon the corrected and uncorrected compressionpermeability data for the side wall friction, numerical calculations involving Eqs. (12), (13), (14) and (15) which do not account for the side wall friction.
Conclusion
In the compression-permeability cell, there is an appreciable side friction between the wall and the solids.
This friction leads to significant errors in filtration characteristic values estimated in accord with the conventional method.
Based upon the approximate analytical equation for the side wall friction, compression-permeability data are corrected and nitration characteristics are evaluated in view of the so-called modern filtration theory. 
